Introduction
Since late (Minh et al, 2009 , Pfeiffer et al, 2007 . Since then, the epidemic waves of H5N1 among poultry had apparently subsided and the cases have been absent for approximately 14 months until the end of May 2007 when the 4 th epidemic wave was identified in the Red River Delta (Minh et al., 2009) . Lee et al. (2004) reported that long-term use of avian influenza vaccine among poultry in Mexico has aided the emergence of viruses with multiple sublineages separated from that of vaccine strain and subsequently allowed the newly emerged H5N2 strains spread to adjacent countries. Vietnam is a country where multiple clades of H5N1 virus have been endemic among poultry and it is, therefore, intriguing to monitor the distribution of avian influenza viruses in poultry raised in farms after introduction of the mass vaccination campaign, by which H5N1 strains were implicated to maintaine in reservoir(s) developing milder symptoms on H5N1 virus 5 infections.
In the present study, throat and cloacal swab samples were obtained from apparently healthy poultry raised on farms in northern Vietnam during year 2006-2009 and were subjected for virus isolation and subsequent analyses to characterize pathogenicity of the isolated viruses and estimate their genetical backgrounds.
Materials and Methods

1. Study sites and samples taken
Three villages in Hanoi, three villages in Nam Dinh province, and two villages in Vinh Phuc province were chosen as the sites of sample collection ( (Table 1) . Throat and cloacal secretion were taken by swab from each poultry and suspended in 2 ml of phosphate-buffered saline (PBS) supplemented with 0.5% bovine serum albumin, 10,000 units/ml of penicillin, 10 mg/ml of streptomycin sulfate, and 0.3 mg/ml of gentamicin sulfate. All of the specimens were kept at 4 o C during transportation to the laboratory for 4 to 6 hrs, and kept frozen at -80 o C until inoculation to embryonated eggs for virus isolation.
Virus isolation and hemagglutinin (HA) and neuraminidase (NA) subtyping
A hundred (100) µl portion of each specimen was inoculated into the allantoic cavity of two 10-day-old embryonated hen's eggs and incubated at 35 o C for 72 hrs unless death of the embryo was detected. After 72 hr-incubation or upon the embryo death, the allantoic fluids were tested for hemagglutinating activity as described elsewhere (Kida and Yanagawa, 1979) . All of the allantoic fluids carrying hemagglutinating agents were tested further to determine subtypes for HA and NA by HA-inhibition (HI) (Salk, 1944) (Kida and Yanagawa, 1979) . Antisera specific to Newcastle disease virus strain Miyadera was also used to exclude hemagglutinating agents induced by Newcastle disease virus in the test.
3. Nucleotide sequencing
Nucleotide sequences of eight genes (PB2, PB1, PA, HA, NP, NA, M, and NS) of influenza A virus were determined as described elsewhere (Hoffmann et al., 2001) . Briefly, viral RNA were extracted from all allantoic fluids carrying influenza A virus and reverse-transcribed. A series of PCR-amplified fragments corresponding to each gene were purified with QIAquick Gel Extraction Kit and sequenced on a CEQ 8000 DNA sequencer (Beckman Coulter, Inc.) using CEQ DTCS-Quick Start Kit. Nucleotide sequence alignment was performed on the GENETYX-MAC program (GENETYX CORPORATION) and the phylogenetic trees were generated using the neighbor-joining method with bootstrap analysis.
Influenza A strains representing each of clade 1 to clade 2.5 for H5 gene, and strains representative of each of PB2, PB1, PA, HA, NP, NA, M, and NS genes deposited to GenBank were used for references and compared.
4. Pathogenicity of influenza A H5N1 strains
Pathogenicity of influenza A subtype H5N1 strains on poultry and on mammalian were tested as described elsewhere (Gao et al., 1999; WHO, 2004) . Briefly, a 0.2 ml portion of the 1:10 diluted allantoic fluid containing strain H5N1 was inoculated intravenously to eight 6-week-old chickens and intranasally to six 7-week-old ducks, and general condition were observed for 14 days. Six-week-old C57BL/6 mice were intranasally inoculated with a 0.05 ml portion of the 1:10 serially diluted allantoic fluid containing an H5N1 strain (10 9.0 EID50/ml), and rates of death, weight loss and general condition were observed for 14 days post infection and mouse infectious dose 50 was determined. Allantoic fluid containing A/mountain hawk-eagle/Kumamoto/1/07 (10 8.83 EID50/ml, Shivakoti et al., 2010 ) was used as a control of virulent H5N1 strain to mice. All animals were maintained in the animal facilities of Tottori University and Hokkaido University and treated complying the Laboratory Animal Control Guidelines of each institute.
Results
1. Isolation of avian influenza A viruses in northern Vietnam from 2006 to 2009
In the period between 2006 and 2009, throat and cloacal secretion specimens were taken from 3,851 chickens, 2,922 ducks, and 240 Muscovy ducks for virus isolation (Table   8   1 
Characterization of the Duck/Vietnam/G12/08(H5N1) isolated from a duck
Nucleotide sequencing and subsequent deduced amino acid analysis of the H5N1 strain Duck/Vietnam/G12/08 identified a highly cleavable sequence (PQRERRRKR/G) at the amino acids position 337 to 346 (GenBank accession number AB593447), which is found typically in the HA gene of HPAI strains. When Duck/Vietnam/G12/08 was inoculated intraveneously to chickens, all chickens were dead within 24 hrs post infection, indicating that the virus was a highly pathogenic to chickens and IVPI (intravenous pathogenicity index) was estimated as 3.00 (OIE Manual, 2005) . Contrary to the results observed in chickens, five of 6 ducks did not develop any significant symptoms by infection with the H5N1 strain. Relatively mild symptoms including transient lacrimation, appetite loss were observed in one duck caused by the virus challenge, and viruses had been shed for four days post infection.
Pathogenicity of the Duck/Vietnam/G12/08 (H5N1) was also tested on mice. Four out of 5 mice were dead within 11 days post infection with 1:10-diluted allantoic fluid, and more than 20% weight loss was observed even in the mouse survived. Two out of five mice 9 were dead within 11 days post infection when 1:100-, 1:1,000-and 1:10,000-diluted allantoic fluid was inoculated. Significant weight loss was observed in all of the mice survived except one mouse challenged with 1:10,000-diluted allantoic fluid. When 1:100,000-diluted allantoic fluid was inoculated, four out of five mice survived, of those, weight loss was observed in two mice. Neither death nor significant weight loss was observed in all of the mice challenged with 1:1,000,000-diluted allantoic fluid. The dose lethal for 50% of mice (H5N1) was susceptible to oseltamivir, because amino acid substitution from histidine (H) to tyrosine (T) at position 274 of NA, which was frequently observed in oseltamivir-resistant strains, was not found in the strain. (Fig. 3) . The H3N8 viruses isolated from chickens in the study, represented by Previous reports indicated that the distribution of H5N1 strains were different in sublineages in northern and southern Vietnam Wan et al, 2008) . Fig. 2A,B, 3 ).
Phylogenetic analysis of low pathogenic avian influenza viruses
HPAI subtype H5N1 viruses were first detected in 1996 in geese in Guangdong, China (Xu et al., 1999) and then spread to ducks in southern China without killing them . Chen et al. (2004) Chicken/Vietnam/G14/08 (H3N8) strain was isolated from a healthy chicken and, it is estimated that aberrant HA trait of the strain was induced probably in a process of adaptation of the strain to chicken. It is important, therefore, to monitor the prevalence of influenza 14 viruses among healthy poultry from the viewpoints of emergence of new viruses by the mechanism of reassortments and mutations in the area where H5N1 influenza viruses with multiple subtypes were endemic.
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